Solubility engineering of the HhaI methyltransferase.
DNA methylation is involved in epigenetic control of numerous cellular processes in eukaryotes, however, many mechanistic aspects of this phenomenon are not yet understood. A bacterial prototype cytosine-C5 methyltransferase, M.HhaI, serves as a paradigm system for structural and mechanistic studies of biological DNA methylation, but further analysis of the 37 kDa protein is hampered by its insufficient solubility (0.15 mM). To overcome this problem, three hydrophobic patches on the surface of M.HhaI that are not involved in substrate interactions were subjected to site-specific mutagenesis. Residues M51 or V213 were substituted by polar amino acids of a similar size, and/or the C-terminal tetrapeptide FKPY was replaced by a single glycine residue (Delta324G). Two out of six mutants, delta324G and V213S/delta324G, showed improved solubility in initial analyses and were purified to homogeneity using a newly developed procedure. Biochemical studies of the engineered methyltransferases showed that the deletion mutant delta324G retained identical DNA binding, base flipping and catalytic properties as the wild-type enzyme. In contrast, the engineered enzyme showed (i) a significantly increased solubility (>0.35 mM), (ii) high-quality 2D-[(15)N,(1)H] TROSY NMR spectra, and (iii) (15)N spin relaxation times evidencing the presence of a monomeric well-folded protein in solution.